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What is Simbios?

• Goal: to develop and disseminate a Simulation
Tool Kit (SimTK) that will:
– stimulate groundbreaking biomedical research
– enable development and sharing of accurate

physics-based models and simulations of biological
structural dynamics

• The initial driving biological projects of
Simbios span a range of scales:
– simulating RNA folding
– myosin dynamics
– neuromuscular dynamics
– cardiovascular mechanics

Physics-based Simulation of Biological Structures



SimTK: Simulation Toolkit
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SimTK: Simulation Toolkit
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Simulation-based treatment planning

Allison Arnold, Clay Anderson, Ayman Habib, Scott Delp



Simulation-based treatment planning

Allison Arnold, Clay Anderson, Ayman Habib, Scott Delp



Subject-specific Simulation

Original subject-
specific simulation
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Subject-specific Simulation
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Subject-specific Simulation

Original subject-
specific simulation
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RNA Folding Kinetics

Alain Laederach, Magda Jonikas, Michael
Brenowitz, Inna Shcherbakova,  Mike Liang,

Dan Herschlag, Russ Altman

J. Mol. Biol. 2006 (May 12) 358:4 p. 1179



Hydroxyl Radical Footprinting
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Multiple Site Kinetics on the L-21
Tetrahymena group I intron

Time-resolved hydroxyl radical footprinting monitors the formation 
of tertiary contacts as the RNA folds.

RNA folding initiated with 10 mM Mg2+ in CE buffer 
(Sclavi, Sullivan, Chance, Brenowitz & Woodson, Science 1998, 279, 1940-3)  



Cluster time-evolution curves for
local areas, define intermediates



Intermediates make sense
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Can fit clusters to topology of
intermediates AND time constants

 



Monte Carlo simulation of flux
through intermediates

 



P4P6 then (periphery and core)

51%

Magda Jonikas and Randy Radmer



(P4P6 and Periphery) then core

24%



P4P6 then periphery then core

12%



Summary
• Hydroxyl radical local probes tell us how

local regions evolve from Unfolded to Folded
• We can cluster these regions to define

intermediates with structural features
• We can model the folding pathways

kinetically and structurally
• Allows us to explore different conditions,

effects of mutations, etc…
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Simbios Resources
• SimTK: tool kit with freely available tools and

models for building physics-based simulations
• SimTK.org: website and federated

infrastructure
– promotes collaborative environment for user

communities of physics-based modeling

• Simbiome: “yellow pages” with trusted
information on resources for the community

• Biomedical Computation Review
– Magazine of biomedical computation with a focus on

cross cutting issues that are important to the
entire community.



SimTK component:  Simbody

• Multi-body dynamics code
– Define structural components, degrees of

freedom, mass properties
– Supports all joint types
– Compatible with multiple integrators
– Can add relevant forces
– (Cf SD/Fast)

• Open source



Simbody: Connected RNA cylinders











Cardiovascular
blood flow
simulations

(Charles Taylor
Lab)



SimTK/SimTK.org uses and users

Repository of
advanced algorithms

Modeling

Applications with
easy-to-use GUI

for computer scientists,
applied mathematicians,
etc.

for modelers such as
engineers, physicists,
bio-physicists

for end users, such as
clinicians or bench
scientists



Simbiome:  Curated portal to
all available simulation-

related resources (NOT just
SimTK/Simbios…)

Jon Dugan, Bill Katz,
Jeanette Schmidt



http://www.simbiome.org/





Biomedical Computation
Review



Biomedical Computation Review
http://BiomedicalComputationReview.org/

• Dissemination effort of
Simbios but very broad in
scope

• A magazine (not a
journal) to help foster a
wide community of those
interested in various
aspects of biomedical
computation

David Paik, Kathy Miller
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Contacts
Websites: http://simbios.stanford.edu/ and https://simtk.org/

Simbios Team:
• Jeannette Schmidt, Executive Director: schmidtj@stanford.edu
• Michael Sherman, Chief Software Architect:

msherman@stanford.edu
• David Paik, Executive Editor Biomedical Computation Review

Simbios PIs:
• Russ Altman, co-PI: russ.altman@stanford.edu
• Scott Delp, co-PI: delp@stanford.edu

NIH Officers:
• Peter Lyster, Program Officer: lysterp@nigms.nih.gov
• Jennie Larkin, Lead Science Officer: larkinj2@nhlbi.nih.gov

Supported by NIH Roadmap for Medical Research U54GM072970





SimTK
• tools for building physics-based simulations:

– robust, high performance, pre-built binary computational
methods
• Linear algebra, numerical integration, multibody

dynamics, molecular force fields, finite element solvers,
etc.

– shareable models
– application building tools
– narrow, domain targeted applications
– all open source and available in SimTK.org

Simbios Resources
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